Enzymatic saccharification of corn stover using Phanerochaete chrysosporium and Gloeophyllum trabeum and subsequent fermentation of the saccharification products to ethanol by Saccharomyces cerevisiae and Escherichia coli K011 were achieved. Prior to simultaneous saccharification and fermentation (SSF) for ethanol production, solid-state fermentation was performed for four days on ground corn stover using either P. chrysosporium or G. trabeum to induce in situ cellulase production. During SSF with S. cerevisiae or E. coli, ethanol production was the highest on day 4 for all samples. For corn stover treated with P. chrysosporium, the conversion to ethanol was 2.29 g/100 g corn stover with S. cerevisiae as the fermenting organism, whereas for the sample inoculated with E. coli K011, the ethanol production was 4.14 g/100 g corn stover. Corn stover treated with G. trabeum showed a conversion 1.90 and 4.79 g/100 g corn stover with S. cerevisiae and E. coli K011 as the fermenting organisms, respectively. Other fermentation co-products, such as acetic acid and lactic acid, were also monitored. Acetic acid production ranged between 0.45 and 0.78 g/100 g corn stover, while no lactic acid production was detected throughout the 5 days of SSF. The results of our experiment suggest that it is possible to perform SSF of corn stover using P. chrysosporium, G. trabeum, S. cerevisiae and E. coli K011 for the production of fuel ethanol.
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Keywords: Phanerochaete chrysosporium, Gloeophyllum trabeum, Saccharomyces cerevisiae, Escherichia coli K011, solid subtrate fermentation, simultaneous saccharification and fermentation (SSF) The ethanol presently used for transportation purposes is conventionally produced in large quantities from corn grain and sugarcane juice. However, this practice is only a temporary solution as it conflicts with the food and feed industry [7] . Thus, there is great interest in the development of fuel ethanol from agricultural residues and other lignocellulosic feedstocks, which are inexpensive and are the most abundant bioresources available in the biosphere [11] . Currently, corn stover biomass is considered to be one of the primary lignocellulosic candidates for use in cellulosic bioethanol production because it is an abundant agricultural by-product in many European countries and in the USA, and it can be collected during harvest [46, 51] . Although promising, the use of corn stover as a raw material to produce ethanol presents many challenges; unlike starch from corn, the polysaccharides in stovers are cellulose and hemicellulose, which are difficult to degrade [20, 24, 33] . Thus, hydrolyzing these components into fermentable sugars is essential to the efficient and economical production of cellulosic ethanol [5] .
Biohydrolysis of cellulose and hemicellulose is an enzymatic process carried out by a family of cellulolytic and hemicellulolytic enzymes that are highly specific [24] . These enzyme consortia are usually a mixture of several enzymes that may include endoglucanases, exoglucanases or cellobiohydrolases, glucosidases or cellobiases, endoxylanases, xylosidases and galactosidases, among others [1, 31, 50, 54] . The conventional method for the breakdown of lignocellulosics to fermentable sugars requires the use of expensive commercial enzymes [12, 26, 53] . However, these enzymes are not only substrate specific, they are largely susceptible to inhibition from compounds usually associated with lignin. Thus, prior to enzymatic hydrolysis, pretreatment of ground lignocelluloses is required [21] .
*Corresponding author Phone: +515 294-5251; Fax: +515 294-8216; E-mail: leeuwen@iastate.edu Pretreatment of plant biomass is crucial for the production of cellulosic ethanol as it greatly improves the enzymatic accessibility of the feedstock [13, 19, 25, 41, 42] . In recent years, several pretreatment methods have been tested on corn stover that involve physical, chemical, or physicochemical procedures or a combination thereof [16, 47, 56] . However, these technologies are energy intensive, environmentally unfriendly, and may produce many toxic by-products such as weak acids, phenolic derivatives, and furans that inhibit alcoholic fermentation [6, 7, 21] . Therefore, it is imperative to develop alternative means of lignocellulosic saccharification that can overcome these obstacles.
One potential form of pretreatment and hydrolysis of lignocellulosic materials relies on biological means [15, 49] . This type of procedure usually involves lignocellulolytic fungal species such as Phanerochaete chrysosporium and Gloeophyllum trabeum [38, 40, [43] [44] [45] . P. chrysosporium is a white-rot fungus that has been studied extensively in the degradation of plant cell wall components including cellulose, hemicellulose, and lignin [23, 54] . P. chrysosporium performs lignocellulolytic processes using the various ligninolytic peroxidases, cellulases, and hemicellulases it is known to secrete [30, 50, 54] . G. trabeum is a brown-rot basidiomycete. Like a typical brown rot-fungus, G. trabeum primarily attacks the polysaccharide while leaving the brown pigmented lignin behind [8] . These degradative processes culminate in the rapid loss of wood strength and darkening of the affected substrate [10] . G. trabeum is known to secrete a family of potent cellulolytic enzymes consisting of endoglucanases, exoglucanases, beta-glucosidases, and other hemicellulases [8, 22] . In contrast to white-rot fungi, G. trabeum rapidly degrades cellulose and hemicellulose while leaving the undigested lignin to be modified mainly through demethoxylation and demethylation mechanisms [4] .
In this paper, we report the use of in situ cellulases and hemicellulases from P. chrysosporium and G. trabeum for the saccharification of corn stover cellulose that is subsequently fermented to ethanol by Saccharomyces cerevisiae and Escherichia coli K011. We performed our work under conditions and with equipment that would generate commercially relevant results.
MATERIALS AND METHODS

Corn Stover Analysis
Corn stover was obtained from the Department of Agronomy, Iowa State University, USA. Field-dried corn leaf and corn stalk were ground in a Wiley mill to pass through a 2 mm screen, and then screened using a 20 mesh sieve and further dried in an oven at 80 o C for 4 days prior to compositional analysis. The composition of cellulose and hemicellulose was determined by the Department of Agronomy, Iowa State University, using the ANKOM method (ANKOM Technology Corp., Fairport, NY, USA) as previously described [52] . The Klason lignin content was determined using a modified Klason lignin assay following the method of Crawford and Pometto [9] with slight modification, whereby glass fiber filters (1.6 µm) (Fisherbrand, Fisher Scientific, Pittsburgh, PA, USA) were used instead of Whatman No.1 filter papers for capturing lignin residues. This assay measures lignin as the acid-insoluble fraction of lignocellulosic material after hydrolysis by strong acid (H 2 SO 4 ) and heat. The residue on the filter paper was thoroughly rinsed with deionized water and dried in an oven at 105 o C for 4 days. The Klason lignin content was determined as the weight of dry residue collected on the filter paper.
Microorganisms
All of the cultures used in this study were obtained from the American Type Culture Collection (ATCC; Rockville, MD, USA) and included P. chrysosporium (ATCC 24725), G. trabeum (ATCC 11539), S. cerevisiae (ATCC 24859), and E. coli K011 (ATCC 55124). 
Solid Substrate Fermentation for Enzyme Induction
All ground corn stover used in this study received no pretreatment except any weathering that might have occurred in the field prior to harvest. Prior to the addition of fungal inoculum for enzyme induction, 2 g of ground stover and glass marbles with 5 ml of fungal mineral salt solution were sterilized in 250 ml polypropylene bottles (Nalgene) at 121 o C for 1 h followed by rapid exhaust. Two ml of fungal biomass [1.5% (w/v) P. chrysosporium and 1.0% (w/v) G. trabeum] in mineral salt solution was then added. The bottles were rolled on their sides and the marbles assisted in uniformly dispersing and coating the corn stover and fungi mixture along the inner surface [38, 44] . Solid substrate fermentation was then performed for 4 days at 37 o C in a humidified incubator for in situ production of cellulases and hemicellulases prior to the addition of the ethanolic microorganism.
Protein Assay
Total protein was analyzed using a NanoDrop 1000 Spectrophotometer (Thermo Fisher Scientific). The NanoDrop 1000 module measures
